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Abstract

A grou~) of volcanoes to tbc nor[hcast  of Aksayqin  1,akc, wes(cm KUIllUII,  China, are

iclcntifkxl  from dual-band, ]~~tllti-]~[~lari~,atio]~  SIR-C/X-SAR iil)age, and mosi of them

are disc.ovmxi  by the authors wit}] the SAR data. ‘J’his ]HpcI discusses the methods

and nicchanisms of detecting volcanoes using  I., ~ baIKls and I 11 I, 1 IV, VV

polarization imaging radar, and gives the spatial distributions of volcanoes elevated

more. than 5300nl  above the sea level, eruptive phases and a~ialytical  results of rock

Conlponcnts.

1. lntroduc.tion

‘]-ho c]]aractcristics  of transmitin~  microwave pulses fro]n tlm sideways of synthetic

aperture. radar (SAT<) can accentuate topojyapbical  features, while tbc sensitivity of

SAR to tl]c surface roughness CJiab]Cs it to p,ivc markedly  details about the surface.

‘J ‘hcsc advantages of SAR make it very effect ivc to rccognizc  volcanic apparatus. ‘1’hc

studit;s on volcanoes have bccIl conciucted successfully using  images of shutt]c

imagi~}g radar and other spaceborne SAR (Gaddis  et al., 1989, 1990; Mouginis-Mark,

1995; Rowland et al., 1994). Airborne SAR also plays an important role in the studies

on volcanoes (lxwis and GUO, 1991; 1,iu et al., 1992). ‘J’hc dkwovcry  of volcanoes on

VCIIUS was only made by using SAR techniques (Ilcad c1 al., 1992). At present, tbc

succmsf~d  flown of SIR-CYX-SAR  and its simultaneously imaging characteristics of



lnulti-bami, multi -po]arizat  ion of S] I<-C;/X-  SAR provi(ic ncw tcchiqucs  for stu(iying

Volcanoes.

01~ 17 April 1994, the SINI1lIC “limicavor”  cquippc[i  with SIl<-OX-SAR systcm was

flown ovcr~hina  and forthc first timcobtailxxi  mulli-band,  l~~~llti-]~olari~.atioll  S A R

(iata for Kunlun  area (1 ‘arr, 1993). lhl~ing  ilnagc procmsing and analysis for SAR

(iata, a group of volcanoes were icicnlific~i.  ‘1’hc authors, lhcrcaflcr, comiuctcd  field

work in the stu(iy area all(i provcci  fur(hcr for the cxistcncc  of’tbcsc  volcanoes.

2. {ic{)logy  [) ftilc St(l(ly Al”ca

‘1’hc study a r e a  i s  situa[cd in tbc northwrs[ of <)ing,]lai-’l’ibct  plateau of china,

nortilcast  of Aksayqin  1.akc i n  Kunlun  Mounlail~, a n t i  about  60 km to tbc cast of

Xinjiang-rl’ibct  road (1 ‘ig. 1 ). “1’his  is a l)i@l relief anti ari(i to semi-arid area where

elevation is about 5000 - 6000 m above [hc sca lCVC1. ‘1’hc climate is cold. Modern

glaciers are WCI1 (icvclo])cci, and moraine (icimsits of palaco-glaciers arc wi(icly

(iistributcd.  Vegetation is rare. Rock outcrops arc very WC]]. Alluvial fms flanking  tllc

mountain front arc widely dcwc]opcci.  ‘J’cctol~irally,  tbc stmiy area lies in the eastern

par[ on tbc soutbcrn  side of Kangxiwa  fault (also calic(i  Karakasbi  Val ley  faul t ) .

“J’arill~ basin  is to the nmlh ald ‘J’ibctan-llld  i;lll p]atc to tlw south. 1 .itho]ogics  in (IIC

stuciy area rangcci  frmn o]d to young ages aI’c ]nain]y cmnposc(i  of 1.owcr })alaeomic

lllcsc)-lllctalll[)  l”l~llic conq)lcx, l’alacoz,oic ll]aril~c  sc(iimcntary r o c k s ,  Mcsoz,oic  awi

~;cnozoic  scdimcmtary  rocks of” continental- oceanic  phase, [og,ctbcr  with intermediate

to aci(iic igneous rocks of (;alc(ionian,  Variscan, lmiosinian-  Yanshan  cpochcs.

--. — ——. ..—.

J;ig. ] ].ocation  map 01” t]lc slu(iy alca.
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Geological study in this area i$ at a rather ]Nmr ICVC1 duc [0 lacking, of oxygen ill [hc

Ilip,ll  relief Mountain, and pool working cnvirc)nl~mnt. ‘J’hc s~udics of volcanoes in this

alca arc few. According to [hc Ii(craturcs as l’~ir as wc know, tlIc earliest publislml

paper rcpm-ting  the cxistcncc  of volcanoes ill (IW area was f’mm Zhang  cl al. (1987),

w]lich simply intmhccd  that there is a Wick] volcanic crater clcvatcd  several hunclrecl

nwtcrs above the surface and ~avc an airpllolo  to illustrate the shape of the crater. In

[bc Qin:,hai-rl’ibcl  l’latcau Al(as publisbcd  by tbc Geography lnstitutc, ~hincse

Amicmy of Scicncm  (1 990) inferred the cxistcncc  of volcanoes. In the papers

published by l~cll~ (1 989, J 991, 1993, 1 {)95) and Amaud ct al .  (1992) about

~:clmoic  volcanoes of Qin@tii--’ibctct  pla[t:([l  only rcpor[cd some rock gcochclnical

da ta .  ‘1’hc Gco]ogical  Mcnmirs  of Rcg,iona] [ ;c~)lo~jy  of Xinjiang  [Jygur Autommous

Rcgi(m  Jmb]ishcct  by the ]Iuwau of Gcolof,y  ald  h4 incral RCSOUICCS  of Xinjiang  (1993)

said tbcrc arc four craters in tbc region, wllicl~  is up to now the best ctcscription  for

the volcanoes in the area.

3. Analysis of hl~]lti-ff.c[jtlcl]cy  and M illli-])olalsizatio]~ SIR-C  l)ata

3.1 l)ata Acquisition

SIR- ( YX - SAR was operated ill mode. 11 fol t hc study area, i .c., imaging unclcr  the

colnl)inaticms  of 1.-1111, 1.-1 IV, [:-1111 and C’- \~ V. ‘1’hc imap,ing, J]aramctcrs arc given

in ‘1’able 1. In the mcanwl~i]c, (he 1{1<S-1  SAI< (Iata with (: Iximl and \W polari~,ation

nmlc also have been acquire.d.

‘1’ab]c 1. SIR-( YX - SA R ll~lagin~ ‘1’ccllllic:tl  lhramctcrs  for (11c Study Area

——..  — .. —— - .-— —c .— .—— .-—— ——. -

. . ..— . . . .

3.2 Sll<-~ data for tbc discovery of volcanoes

Af[c] image pmccssing  hr tl~c obtained SII<-C: data with 1., ~ bands and 1111, 11\7,

polaliz,ation,  false c.olour  inmgcs were JJrcKl\Icxxl  by multi-band, llltllti-~~olalizatioll
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combinations (1 ‘i~l, .2), whicl) I cl’lcc.t  tbc appearances of vo]canocs.  111 par[icularl y, the

combination of’ 1,-1111, 1 .-1 IV a~d (:-1 IV images can exJJlicitly  dclimatc  the outlines of

lhc who]c vole.allic area. Acc.o]  din~,  to the  cmnposilc  imap,c  of nmlti-band, multi-

polariz,alion,  idcllti  fica[ims CHJL Iw made for dil’fcrcnt shaJms and types of volcanic

craters and caldcras, A ‘a aiIcl pahochoc  Iave flows, lava escarpments, and the

boundary of lava ilows and sui rounding strata (1 ‘ip,.3).

-. .__ —... —

——. —-. . . . . . . ..——

lJig.2  l:alsc colour composite illla~,cs  of multi  -bal)d,  llllllit-]~olaliz:i[iotl  S1l<-~ (iata
a) CkmlJmsitc  ilnap,e  of 1,-1111 (R), 1 ,-IIV (G) and (;-II\T (11)
b) ~:ompositc  il~la:gc of 1 .- I II 1 (R), 1 ,-IIV (G) and (;-1111  (11)
both can give Ilw wllolc  volcanic appearances, but (a) slmws bcl[cr effect.

—- .— -.. ..-- ..— ——

-——. -. ,“. - .—

1 iig. 3 Geological intcrprcta[ ion map for SIl<-~  image. No. 5-9 arc caldcras
discovcml  in [his study. 1 ) craters and nu]]]bcm, 2) A ‘a lava, 3) pahochoe lava,
4) “I”riassic  strata . 5) Qualltcrnary  Scciimenls

Nine different c.raters and caldcJ  as aJ~pcar in different shapes a]d tones on the SIR-C

image. ‘1’he No.  1, 2, 3, 4 c r a t e r s  amonp tbcm, which reflect lmsitivc  landform,

appear very brij:l II and VC] y obvious, and ca)~ bc discovered casil y in the field,

tlvmfol’c, they \!’clc mc]lt  io~lcd in the litcralums (Y,hanp, ct al., 1 987; IIurcau of

Geology and M ilx:ral  I< CSOUI  {X:S of Xinjian[:  [lyy,ur Autonomous Rcgim,  1993). I’hc

No. 1 crater is (I]c largjcs[  OIIC ill [l]is region  with area of 2.14 KIn2 and in ova] shield

sbaJ~c, {hc ccntrc co~)rdinatc of” jvllich is Iong,itudc.  80(’1  1 ‘ an(i latitude 35°301. l’he No.

2, 3 craters am less than 1 KT)]’ ill area an(i in cone shapes. ‘J’hc No. 4 crater is also

in cone sbapc, but its area is just lCSS than tlIc No 1 crater (1 .932 Km2 ). The No. 5,

6, 7, 8 and 9 arc cal(icras wl~i(..ll arc in circular ra(iiating  shape, ami do not have ]argc

(iiffcrcncc  in elevat it)ll wi[h tlw surfaces around. As Ibcy arc surrmmied  by the huge

lava flows and covcrcxi  by Iim surFAce materials, (hey can not bc easily distinguished
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in the f’icl(i.  Tlmc calderas are ciiscovcrcd  ill [II is study using S1 R-c imagery. IIccause

of (Iw coimr rcflcclor cffmt caused by tllc r:i(lar beams illuminating the cliff by the

side-looking radar, Ihey appear in ring slla~)e  0] half-ring s]lapc cm [hc image. ‘1’hc

areas for Ilw original cone craters al c less [ltall  1 Km2 , hut it increase (o 3-4 Km2

after their collapses. ‘1’hc main conqmm][s  of  the  cra ter  rocks are amygdaloidal

pyroxmc  andesite.

‘J’WO t ypcs of lava flows (A ‘a lava and l~ahtxl  }OC lava) have different radar response

m lhc SIR-(: colour composile  images. A‘ a lava flows arc mainly distributed aroun(i

cralc.ls  No. 5, 6, 7, 8, ancl their l>rip,hlncss  ill c relatively darker than that of craters

No. 1, 2, 3 and 4. ‘J’hc surrounding sut fac~,~ of caldcras mainly consist of angular

rocks pilcct  one on Ihc other without any 0] dvr. ‘1’hc largest one can reach above 1 n]<

Vcsicu]ar and allllc)ll(i-strllcturcs arc well dcvclopcd  in the rocks. 1 ,itholop,ics  for the

rocks arc mainly amygdaloidal  basalt ald [racllybasa]t. The area for A ‘a lava ilows is

22..636 Km2, which is clcrivcd fron] digiti~.ii):>, (I1c boundary of this type lava flow

fron~ the scrccn using I’C:] software and IIICII  il~put into ARUIN1 IO for the arcal

calculation.

l’almhoc  lava is mainly distributed on IIIC SC) LI(IICIII  side of craters. It extends in near

N-S dilcction  about 23 km in lCIJRIh,  and 1 [) 12 Km in wid(ll and abou[ 107 m in

dcptl I. ‘J’hc sta[is[ical  area is 59.470 Kn12. 1 I occurs  near horizontally in a fidn shape,

and l]llcoIlf(Jrl13allly  overlay ‘1’riassic  stra(a, ‘1’IIc  surface is rclativc]y  flat and covered

hy Quatcrnary sediments, s h o w i n g  a  J cla[ ivc dark toJlc on [he S1 ]<-~; imag,c.

1,itlmlogics  for the rocks arc dorgalite arid j)yioxcnc  basalt.

‘1’hc escarpments of lava flows wele produLLd when flowing pahochoc  lava on the

surfi~cc were affected by topogra.phica]  fcti(u rcs. ‘1’hcy arc in brig,ht lines and can be

rccop,nizcd  easily whcJl facing iO tllc ilh]min;ll  ion of radar antcIma.  ‘1’hcsc escarpments
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dcli[lcatc  the shfipc of lava fJows very well  :t 1 id Ilwrclorc

frolll strata clearly on tbc im+g,e.

can dislinf,uis]] ‘a f l o w s

3.3. 1 iffect of sing,]c  bfind, single polariz,ti(io]l  SAR for detecting volcanoes

Radar image rcftmts  the scat[cring  charactcris[ics of ground  materials. ‘J’hc brightness

of radar image depends cm the variations oi llm il~tcnsity of radar’s backscattcring.

‘1’lm radar scat[clil~gc(~cffic.icllt o ‘) quantitatii~ly rcprcscn(s  the intensity ofcncrgy of

(Ilc rc(um pulse, which is dctcrmincd  I)y lwf) tylm of fidctors: onc is radar system

parameters, i.e. wavclcllgtb,  polari~.a(ioll  OIKI look angle; another is lhc ob~cct

parameters including, the sudacc  roug,l]ncss ;tlt{l  complex dielectric conslant  of the

surfiacc  materials.  lJsinp, multi-ban(i, n]ul[] l)~)lariz.ation  Sll<-C~ imag,c  call  d e t e c t

volcanic ]andf”orm in

different polarization

volcanism (Iiip,. 4).

——. —

diffmmt  occurmms,  I)LI[ radar imap,cs with diffcmlt  band and

can have different dctcL[ills, abilities to llle products of different

—--—— ——.. . .

l;ig. 4 Single-~Jan(li sillglcJl(Jlari7atioll  SIR-(l i]]lagcs. i)lj-lm, b)L-Hv,  c) c-i-ill; d)
~-llV. 1.-IIV SJR-~ imap,c  give goml result than the otbcrs  in recogniz ing
volcanic lava flows.

Volcanic apJ}aralus  is shown much clearly c)l) 1, band imap,c  than tllal on C; b a n d

imag,c,  whicJ~ has the same implicatio]l  for [I]c idclltific.ation of lava fl(nvs ami tbc

contact boundary bctwccn  lava flows and llic surrounding strata. 1. bat~d has a long

wfivclcl)gth  and ccriain penetration ability 10 LiI y san(is and otlm suI kc materials

(Sabins, 1986; IIlom ct al. ,  1984). ‘1’Jwcfon:, J, band im.agc  ‘aJ]J]cars l[mrc clearly

than ~ band fbr the surface covcrcd  by tJlin I:iycr of sand over pabochoc  lava as well

as the contact zone bet wccn Java and strata. 1. I)and image also shows cratm anti A‘ a

Java more clear than ~ band image. ‘1’hc lncasul  cmcnt  of comJJ]cx  dielectric constant

(1 ‘ig.5) indicates that tJ~c complex dielectric cf)ils{an[s  of volcanic rocks a[c not related
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to a large ex[cnt to the frequency of’ clccll olll:i~~ lwtic. wave. ‘lIIc variation of complex

dielectric constant varies mainly  from 3-1 (- I )i (0 8-1 i, in(iica(in~ the influence of

radar return by complex dielectric conslal]t  is I i[l le. ‘1’he different volcanic lalldforms

reflected ON different bands of radar imap,c  :irc mainly due 10 the effect of surface

roughness .

liig. 5 Ckmplcx  dielectric constant for volcanic  rocks under different frcc]ucncy,  tl)c
u p p e r  part rcJlrcscnts the ma] qual~[ i{ )’ and l o w e r  par[ dcmtcs  ima~inaty
quantity.

—-. — .—. —
fig. 6. Raciar  response curves of craters a]]d lava flows dcn&tcd  by avcragil~g  lJN

———

value. AmonR the curve, pattcrlls  fo] A‘ 2 lava flow ami pahoclme  flow are
resemble each other, while the curves l“(~r  craters and lava flows arc different
from each other.

‘1’IIc nature of the surfidce o b j e c t s  h a v e  inl’lurilces  OH polarization.  Polarization is

produced by the variation of lhc vcclm { )1” c]cctlonic  field through  pro}) agation,

reflection, scattering and diffracticm. Thcrcf{)l  c, s[mns dcpolal  i~,ation  oflcn occurs on

[he rm]gh surface. Although the radar ]c(N] i] J’[)J lava flows on IIV image is not as

sfrong, as that on 1111 image (l~ig.6),  the cff{c[ 011 IIV ilnagc is, however, bct[cr than

that on 1111 image since lava flow is a stml]{~ (l(l)olari~.c(l  body.  l;or the like-polali~,cd

ima~es, VV polarization is very sensitive tl)al] I 1 I 1 polariz,alion  to the rou~l) surfaces,

lhcrcforc,  the 1 ;1<S-1 ima~c of (; band, V\/ 1 ]~jlari~ation  (J ‘i~~.’l)  is very clear for lava

Ilows than that shown on ~-l111 image of” S1 I{-(: dala. 1 lowcvcr, the illulninat  ion

direction of liRS- 1 is fron) cast to the west, aI]d IIlc incidence ang]c is relatively small

(230), the resultant image ccmlains a 101 of layover  and foreshortening, and therefore,

has large distortion. A ‘a lava flows and CalLIL’I  <Is arc lmt easily SCCJI  on the IIRS-I

image.
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——. — . . . . . . . . . ..— — .-

l~ig,. 7 1;1<S-  1 SAR ima:,c  with ~;-ban(i  \f\l I)[)larintion. ‘1’hc! Cl’atCl’s ad pdlochc

lavas can bc seen, but A‘ a lavas and caldm as (Ii) not bc distingukhcd  from t l~c image.

A comparative a]]alysis (’1’ab]c 2) for radal lInagcs of diffcrcnl  band slid different

polarization suggests that 1. band IIV j)ol<~rizatiml reflects most cx])licitly the

lopog,raphy  al~(i  Iandforms of the whole VOI(:LINWS  as WCII as the Iandforms of tllc

surrounding areas. Altlmugh  1,-1111 image cal i :ilso reflect some fca(urcs I cvcalcd by

1 ,-1 IV ima~,c, i( is nol as clear as that 011 I , 1 IV image. ‘1’hc C; band ilnagcs  arc

obviously ml as good as 1. band images (ollccrning tlwir effects oll reflecting

p,co]ogical information. ‘1’hc bounctarics  IJCIULC1) A ‘a lava ancl palmchoc  lava arc not

easily idcntific(i,  so do the caldcras. Whilv Lllc 111<S-1 C-VV image likely can not

reflect the composition of tllc who]c vole.alliv apparatus. ‘1’hc C;-] IV imap,c  can only

give us roughly the whole appearance of lliL vt)lcanocs. ‘] ’hcrcforc,  there arc some

limitations for single band, sing,te polal’iziiiit)ll r a d a r  ima~cs  in idcntifyin~  and

dctcc[ing  volcanoes. ‘1’hc solulion  is to usc lll[il[i-lmld, l~l~llti-]~olaliY,atic)l]  radar (iata to

comJm~satc  the slmrlcomin~s  of cacll otllc] SLJ as to achicvc  the g,oal of rcc.ognizing

and cictcctillf~  volcanoes.

‘1’able 2. l’hc response of diffcrcnl bands  aIIcl  (I if fcrc]][ polarization radar to volcanic
landf’orms ——— -—... — . — —.— .—

Stlldy

to the nor[hcas[ of Aksayqin  1.akc, western KunluII Mountain,

4. Rcsu]ts OJI gcolog,ica]

“J’hc group of vo]canocs

belongs to contilwntal  central eruption. ‘ 1  II(’ CI’LJ]JtiVC  ccntrc i s  locatc(l 011 Ihc

I )ahongliutan fault. ‘J’hc volcanic apparatus  i<

in~agc  shows nine craters of shield shalws,

ron[rollcd  by NW fault. “J’hc SIR-{;

cO1lC shapes and radiating ring-]ikc



cal(lcras,  [( Jp,c[lIcr  wit]] lava flows distributed 1 I ())]) northern l}i~h relief 10 the southcm

low relief. ‘1’hc volcanic rocks arc mostly ill d;ll k g,lcy ami Ill ick rcci colors. Vcsicu]ar

and amygj(iaioi(iai  st ructurcs  a r c  wcli  (icvcloj  )LSLI Rocks around  lIIC craters and to the

north  of il contain dcJlsc an(i Iargc vcsiculal [)jx’nillgs,  while lhc vesicular openings

a r c  gct[ing  smaiicr towar(is Ihe s o u t h  ami [i istributcd  sparsciy.  Accmiing  to Ihc

analysis based on tllc pmfilcs across the lav~i 1 low suggests that there were at least

Iwo phases of cruptiol]s:  onc is dorgalitc  pyr~m(llc basalt, and the other is trachybasalt

to tracylc in rock cmllpositions.  Grits an(i si I lslol~cs were deposited during the gaps

of two eruptive pcliods. ‘J’hc K-AI isotope (i:i[ i IIg for the salnJ~lcs  collcctcd  frm~l lava

f lows sugp,csts the agc of 7.45 to 3.97 h4:i. 1.L:., f r o m  Mioccnc  cpocli  to l’lioccnc

epoch. “1’hc ages of samp]cs from the lava floii arc gctling  young  Iiom the south to

the north, imiicat  ing that there arc cvi(icncc  I L 1! Inultiplc  eruptions, and the closer to

the craters, the younger of the eruption is. AI ( Imgh racial (iata can not give {iircctl  y

the cvidcncc  of tlw agc.s  of the lava flow, tltc i[ud y by (ia(idis ct al. (1 989) suggests

that the brightness variations of radar imay,c c:I[] directly provide itlformatim  about

the ages of lava ilows, i .c., the most bri~ll( l~i i a flows cm radar image have younger

agc and formccl flt the last stage, while with Ii ic ilucasc  of’ the ap,c,  the brightness on

[hc imag,c is gct[illg darker. ‘1’hcrcforc,  the SIL]LI  v ~)f volcamcs  frol)l the image accmis

with [he rcsu]t of isoto])c dating.

Slwtics  o n  t h e  pctrof~,raphy  an(i  c.hcmicai  c[)lnposi[ion  allaiysis  fm tiw v o l c a n i c

samples collcc[c(i  in tl]c ficl(i suggest that tllL (lys[allizatim  of volcanic rocks is at a

low ICVC1,  and there aI c minor amount of i)~roxcnc  allci  olivinc crystals which have

been subjcclcct to i(idillgsitc alteration; matrix :Irc ill ilyalopilitic  texture. ~llcmica]ly,

potassium content is very high, KZCI is coml]][}lliy  higher than 4%o, and Kzo > NajO.

‘1’hc 1-W, S], Ba, Nb, ‘J’s and other minor traur tlclnc]]ts  ancl light I arc earth clcmcnts

arc c])richcd,  ancl  basically (io not show 1 h] a]l[)lnai y. “J’hc rocks belong to shoshcmitic

s e r i e s . ‘Ik shoshonit  i c  rocks  h a v e  spcciai  (1 islrihti(m ~)attc~ II in t h e  orogcnic
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CVOllltiO1)  of (Ilc I)latc  t e c t o n i c s ,  al)d aIC I));lillly related to the il)tfac.()])til)  clltal

subduction Z,OIIC (Jackcs and Whi[c, 1971), ‘1’I}c sl~osllollitic  rocks in Ku]]luI1 Mountain

arc associated with the ncolcxtonism  of Qinp,ll;i  J ‘1’ibct l)latcau  since ~cnomic  era, ‘1’he

volcanic eruption Inaybc  caused by the ralli(l  ascending lnagma produced by the

sutxiuction  of hc Qinghai-

‘1’ibct  l’lateau ~

‘J’arinl  p]atc  s o u t h e r l y  pluJ)p,iny  into t h e  c r u s t  urdcrneath

]kJ)~, 1989, 1993).

5. Concltlsion

A group of volcanoes consisi  of nine craters li L*IC idclltificd  from the wcstml  KUJ1lUJ)

M o u n t a i n  o f  (;llina by ami]yz,ing S11<-(; (l:i[a, and five of nine volcfi  Jmcs arc

discovered in this study. Meanwhile, the arLJiIs of A’a

calculated as 22.636Km2 ant] 59.470K1nz  1,~pcc(ivdy

lava and pahoclm  lava are

fron~ scrccn dif,iti7.ing  t h e

oullincs  of two t ypcs of lava flows using l’Cl ., )1’[w’arc and t}IcJl inJmt into A1<UINIK)

[O get the precise distri{mtion  climcnsions of 11 IL’ lavas. ‘1’hc volcanoes, clcvatcd  from

5300111 to 58(WII1 above the sca lCVC1, arc o]], of the higlm(  volcamcs  in the world,

‘1’IM3.c  were at least two eruptive phascx of’ (1 IL \fc)lc.anocs.  lsotopc dating sug,gcs(s  the

ages of Vo]canocs aJ c 7.45 - ~ .97 Ma. ‘]’hc vol~’;l]]ic  I’ocks bc!]oJlg to shoslmli[ic  series,

‘]’]Ic vo]canism  is rc]alcd  to the intracon[illc!  11:1  t subduction ])roduccd  by the! ‘i’arim

plate plunging inlo tlm crust underneath tllc t,J i ll@lai-’l’ibct  l)latcau, which rc.presents

the ncotectonisl]l  of Qinghai-’l’ibct  J)latcau si [ICC ~cnoz,oic  era. It has an important

significance to the study of ncotcctonism  in Qil l:!,llai-’l’ibcl  p]atcau.

‘llIc volcanic appara[us  is disqovcrccl by usil i: dual-band, ll)ulti-J)olaJi7atiol) SIR-C

data, indicating, that ]nulti-band,  multi -po~at  i,:~tion

]]mi”c  geological il]forl])ation.  As far as siJ~gl( ij:llld,

imagins Iadar can reveal much

single polarization SAR (iata arc

concerned, 1,- J IV has much bctlcr dctcctiot]  ~’ffcct than (;-111], C-IIV find C-VV

images. I’hc. au[hors,  therefore, suggesl  [ Il:it above effects arc caused by the

dcpolarizatim~  and surface rougtmcss  of the la Ii, 1’1ows.
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1 .ist of l“igurcs

l“ig.

l:ig.

l;ig.

lhg.

liig.

l:ig.

1 l,ocatiol)]l  la])oftl)csl~lclj”  a m .

21ialscc CJlotlrc [Jl1111(Jsi[c  illl:ip,cs  (Jfllllllti-llall(l,  lllLllit-{lcllali/i~  [i(l1lSII<-C~Clata
a)~:c)llll~ositc  illlagcofl  -1111 (R), IJ-IIV (G) and (;-IIV (11)
b) CYmpositc  image of 1,-J11 I (R), 1,-1 IV (G) and ~-11 11 (11,)
both can give the whole volcanic appearances, but (a) S}1OWS better effect.

3 Gcologica]  il~tclj~lct:i[ic)l]  map for  S11<-(; i m a g e .  Nc). 5-9 a r c  caldcras
discovered in this study  1) craters and numbers, 2) A’a lava, 3) palmchoc  lava,
4)r1’riassic s[rata, 5) Qll:iIl[clllalySc  (lilllc11(s

4 Sinp,lc-band,  single ]mI:lri/ation  Sll{-(~ images. a) I-III], b) 1.-IIV, c) ~-1111,  d)
C;-l  IV. lJ-IIV SIR-(; illl:lf’c  p,ivc g o o d  rcsul( tllal~  t h e  ()[IIc13 in rccogniz.ing
volcanic lava flows.

5 Ckmplcx  diclcclric  cc)l)s[:lt]l  for volcanic rocks uncic.r  difl’urcnl  frequency, the
uplwr par t  reprcscn[s  (I]c rea l  quall[ity and lowcJ par( dcmtes  i m a g i n a r y
quantity,

6 Radar response curves ~)l”c.raters and lava flows dcnofc(l by averaging IIN
value. Among the cLIrvL’. pat(crns for A’a lava flow ami pahochoc  flow arc
resemble each otllcr,  wllilc the mrvcs  for craters and lava flows are different
ft om each other.

7 1:1{S-1 SAR image wi[l}  ~-band V\? polari~,ation. ‘lhc cr:i[crs and pahochoe
Iavas canbc seen, l)UI A’a Iavm and caldcras cannot bc distinguished from the
itl)agc.

IJisf ofrl’able.s

“1’able 1, SIR-CYX-SAR
“J’ab]c 2. ‘1’hc response
laIldf’OJ  111s

lil}a~,illy,’1’cclll~ictil  l’aramctcrs  fo] t]w Stu(ly AJca
of dil’lrrcn~ bands  find different polariz,a(i~)ll  radar to volcanic
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l~ig. 7 1;1<S-1 SAI< image wi[h (Uhal)cl  VV polarization. The craters and palmchoc
lavas c.tin 1X seen, but A’a lavas ancl c.aldcras can not Ix distinguished from
(Ile ima~,c.
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